Summary. Features 
Introduction
The obese mouse (genotype, ob/ob) is characterized by numerous pathological features. As well as hyperphagic obesity, these include hypothermia and infertility associated with reduced gonadal and accessory organ weights (York, Bray & Yukimura, 1978) . The infertility is progressive. Initially, 20% of the male mice are fertile but this is transient (Lane, 1959) . Before puberty the ovaries of obese and wild-type mice are indistinguishable, then a gradual involution ensues, the ovary of the obese mouse becoming unrecognizable (Jones & Harrison, 1958; Batt, 1974) . Vaginal opening is delayed by approximately 1 week and ovulation never occurs, reflecting low concentrations of circulating gonadal steroids as well as of gonadotrophins. These hormones have not been assayed in the female obese mouse although Swerdloff, Batt & Bray (1976) have reported reduced plasma values of follicle-stimulating hormone (FSH) and testosterone in the male obese mouse. The impaired gametogenesis is responsive to exogenous gonadotrophins in females and males (Hummel, 1957; Jones & Harrison, 1958) . Responsiveness of the uterus to exogenous oestrogen is also similar to that of wild-type mice (Drasher, Dickie & Lane, 1955) . Obesity and sterility are associated in other genetically determined syndromes of rodents (Bray & York, 1979) but limiting the body weight by reduced food intake does not result in ovulation or oestrogen secretion in the obese mouse (Batt, 1974) . By contrast, infusion of a hypothalamic extract into the region of the median eminence resulted in cornified cells appearing in the vaginal smear (Batt, 1972) , confirming that endogenous gonadotrophins in the obese mouse are biologically active (Runner, 1952) . It 
Hypothalamic amines
Animals were allotted to groups of 6-8 at 5-6 months of age according to obesity, sex and, for the wild-type mice, the stage in the oestrous cycle (Table 1) . They were weighed and decapitated and their hypothalami dissected, strictly according to the method of Glowinski & Iversen (1966) . The hypothalami were weighed and stored at -20°C.
The extract from each hypothalamus was assayed fluorometrically for noradrenaline, dopamine, 5-hydroxytryptamine and 5-hydroxyindoleacetic acid. The 5-hydroxytryptamine and 5-hydroxyindoleacetic acid were extracted and measured by the method of Curzon & Green (1970) . The catecholamines were extracted according to the method of Welsch & Welsch (1969) and measured by the method of Shellenberger & Gordon (1971) . The recoveries were noted by measuring internal standards in the presence of tissue and the yields were 105% for 5-hydroxytryptamine, 76% for 5-hydroxyindoleacetic acid, 78% for noradrenaline and 74% for dopamine. Results were not corrected for recovery. The intra-and inter-assay coefficients of variance were 6-0 and 10-2%, 4-3 and 17-7%, 3-6 and 17-2% and 10-1 and 23-3%, respectively.
Hypothalamic LH-RH After decapitation, hypothalami from male obese mice and their wild-type litter mates, aged 5-6 months (N = 8 in each group), and 13 months (N = 7 in each group), were weighed and stored (-20°C) . They were subsequently thawed, homogenized in 1 N-HC1, centrifuged and the supernatant assayed for immunoreactive LH-RH (Mortimer et al, 1976) . Hypothalami from 8-month-old female obese and wild-type mice (N = 9 in each group) were similarly extracted after removal and assayed for immunoreactivity and bioactivity of LH-RH. Biological activity of LH-RH was assessed using isolated perfused anterior pituitary cells (Yeo et al, 1977; Gillies & Lowry, 1978 (Table 3) . 
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Reproductive tract
The ovaries and uteri of wild-type mice at oestrus (19-9 ± 1-5, 107-0 ± 12-4 mg) and dioestrus (16-7 ± 0-8, 70-1 ±4-1 mg) were significantly heavier (P < 0-001) than those of the obese animals (11-4 ± 0-6, 28-2 ± 2-3 mg). The testes and ventral prostate were also heavier in the wild-type (311 ± 7, 29-0 ± 1-7 mg) than the obese (247 ± 25, 19-6 ± 4-6 mg) mice, the difference being significant for the testes ( < 0-05).
Discussion
The hypogonadism of the obese mouse has been imputed to low levels of circulating gonadotrophins and we confirm the reduced FSH with normal LH levels reported in male mice by Swerdloff et al (1976) . The present study has been extended to include female obese mice in which tonic LH levels are also similar to those of control animals and FSH levels reduced significantly. Although preovulatory surges of LH and FSH were demonstrated for wild-type animals (Murr, Geschwind & Bradford, 1973) , in this study it is unlikely that gonadotrophin surges occur in obese mice because they are totally anovulatory (Hummel, 1957) (Batt, Bray and Swerdloff, 1973; Swerdloff et al, 1976 Pituitary gland sensitivity towards LH-RH in vitro (LH release) was normal in the male obese mouse and significantly greater in the female obese than in the wild-type mouse (ovariectomized animals). Oestrogen treatment at a dose of 10 pg/100 g body weight appeared to desensitize the pituitary glands from the wild-type mice rather than have a sensitizing effect, as in the rat (Wilkinson et al, 1977) . A species difference may be indicated. Oestrogen had no effect on the sensitivity of the pituitary glands of the obese mouse. Swerdloff et al (1978) showed that 7-week-old male obese mice have a lower response (LH release) (Wilson, 1979) and some of these have been measured in the present study. Hypothalamic noradrenaline concentration was significantly higher in the obese than in the wild-type male and dioestrous wild-type female animals. This confirms the findings of Lorden, Oltmans & Margules (1975) and Lorden & Oltmans (1977 Feldman, Blalock & Zern (1979) . Concentrations of 5-hydroxyindoleacetic acid were higher in male obese animals, indicating an increased 5-hydroxytryptamine release (Hery, Rouer & Glowinski, 1972) . Garthwaite, Kalkhoff, Guansing, Hagen & Menahan (1979) have shown a higher 5-hydroxytryptamine concentration for the whole brain of obese male mice, due probably to raised levels of plasma tryptophan (the rate-limiting factor in brain 5-hydroxytryptamine synthesis).
We suggest that an impaired release of FSH in the obese mouse is caused by an inadequacy in the mechanism of release of LH-RH. This is probably associated with the animal's extreme sensitivity towards the negative feedback effect of gonadal steroids (Swerdloff et al, 1976) . The sensitivity of the feedback might be the cause of the paradoxical combination of low levels of circulating gonadal steroids with low gonadotrophins. Of the hypothalamic neurotransmitters, noradrenaline has been particularly associated with LH-RH release (Wilson, 1979) (Evans & Groom, 1980) . These findings together with those of the present study suggest that beta-endorphins have a possible role in causing the hypogonadism of the obese mouse.
